This study provides a preliminary systematic characterisation of OSL sensitivity, with respect to sediment history, of single grains of Australian quartz from a variety of source rocks and depositional contexts. Samples from two distinct lithologies and with relatively short modern sedimentary histories were compared in an examination of the influence of rock type on OSL sensitivity. Sediments derived from weathered sandstone were found to be brighter than those from metamorphosed schists, suggesting that sensitivity may be inherited from the source rock and its earlier sedimentary history. Secondly, quartz from the same source, but different modes of deposition, was compared to assess the effect on sensitivity of nature of exposure to light during the most recent bleaching event. Quartz grain sensitivity appears not to vary depending on the mode of sediment deposition, suggesting that the nature of exposure to light during deposition is less important in the sensitisation process. This study highlights the complexity and variety of natural sedimentary quartz, demonstrating the limitations of an investigation based solely on OSL sensitivity. Further systematic investigation into the physical, geological and geomorphological characteristics of sediments is proposed to better understand the mechanisms of luminescence sensitisation in quartz.
INTRODUCTION
Australian quartz is widely perceived to be inherently suitable for optically stimulated luminescence (OSL) dating. This perception has arisen largely from experimental investigations of the OSL signal characteristics of Australian aeolian sediments, associated with the development of the single-aliquot regenerative-dose (SAR) protocol (Murray and Roberts, 1998; Murray and Wintle, 2000; Wintle and Murray, 1999) . In these and subsequent studies, Australian quartz samples were found generally to emit intense OSL signals and to respond well to the SAR protocol , in comparison with quartz from sedimentary systems in other parts of the world (e.g. Hülle et al., 2010; Preusser et al., 2006; Timar et al., 2010) . Australian quartz generally yields not only very intense OSL signals in terms of photon counts, but also demonstrates relatively high OSL sensitivity.
Highly sensitive samples are preferable for dating particularly young sediments with low accumulated doses (Pietsch, 2009) , as well as older sediments (for example, using the proportionally dim thermally-transferred OSL signal; see Wang et al., 2006) , provided they pass the criteria for the relevant dating protocols. It is therefore of benefit to understand potential causes of sensitisation of quartz within the natural system, and to identify to what degree source geology and crystal formation (Westaway, 2009 ) and sedimentary processes (Pietsch et al., 2008) influence sensitivity and can be used to predict the suitability of sediments for dating. This paper attempts an empirical assessment of the natural OSL sensitivity characteristics of single grains of Australian quartz, from various source rocks and depositional contexts with respect to their suitability for dating.
OSL sensitivity is the signal intensity per unit absorbed radiation dose. Whereas OSL intensity is a function of the amount of radiation exposure to the quartz since burial, sensitivity relates to the efficiency with which the absorbed radiation is transmitted as luminescence. Luminescence sensitivity arises from the efficiency of charge traffic between traps and luminescence (L) centres. The rate and quantity of charge traffic is determined by the absolute number of available traps and Lcentres, as well as competition with non-luminescence (R) centres (Aitken, 1998 p.195; Zimmerman, 1971) . Such characteristics relate to crystal formation and the presence of impurities (Aitken, 1985 p.41; Hashimoto et al., 1997) , and hence the type of source rock (Westaway, 2009; Zheng et al., 2009) . Experimental work on the thermoluminescence (TL) characteristics of quartz indicated that competition between L-and R-centres alters with subsequent exposure to temperature (e.g. Rhodes and Bailey, 1997; Vartanian et al., 2000) , bleaching (e.g. McKeever, 1991; Wintle, 1985) and irradiation (e.g. Zimmerman, 1971) . Since these processes are echoed in the natural world, it has been hypothesised that similar exposure within the natural environment also affects quartz sensitivity (e.g. Li and Wintle, 1992; Li and Wintle, 1991) . Luminescence sensitisation of quartz must therefore be a product of the interplay between source lithology (Li et al., 2007; Westaway, 2009 ) and sediment history Pietsch et al., 2008; Preusser et al., 2006) . Sensitisation of quartz within natural sedimentary systems has been understudied relative to laboratory experiments. Until now, the generally high OSL sensitivity of Australian quartz has been assumed to be due to the typically long histories experienced by sediments on the continent, which cause sensitisation through repeated reworking and burial (Pietsch et al., 2008) . However, there is also evidence that the nature of exposure immediately prior to the most recent burial event increases OSL sensitivity . Comparison between different Australian quartz types has not yet been attempted, although inter-regional comparisons have been made between Australian and non-Australian quartz (Westaway, 2009) .
The availability of single grain measurement techniques enables more accurate observations of OSL sensitivity characteristics than is achieved with single aliquots. Single grain measurements present the opportunity for a new empirical approach to understanding the relationship between sensitivity and geological context. This study takes a twofold approach to a preliminary assessment of natural OSL sensitisation. Firstly, samples from two distinct lithologies, and with relatively short sedimentary histories, are compared in an examination of the influence of rock type on OSL sensitivity. Secondly, samples from a mixture of source rocks and a variety of depositional contexts, and with relatively long sediment histories, are contrasted with each other and with the first set of samples. This second study elucidates the effect of the nature of exposure to light during the most recent bleaching event on sensitivity. In addition, it tests quartz sensitisation resulting from the amount of exposure to cycles of reworking and burial. The present study provides a preliminary assessment of the relationship between natural OSL sensitivity and source geology, and OSL sensitivity and mode of deposition. In doing so the complexity and variety within natural sedimentary quartz is highlighted, demonstrating the limitations of an investigation based solely on OSL sensitivity.
SAMPLES
Twenty samples were analysed in this study ( Table  1) . The samples were collected from four locations across southeastern Australia, and correspond to different source rocks and depositional processes.
For comparison of the influence of rock type on OSL sensitivity, samples were collected from Pleistocene sediments in the upper parts of two catchments -Pilot Creek (PC) and Black Mountain (BM) -in the highlands of southeastern Australia. Five fluvial samples were collected from terrace deposits at PC, a small ephemeral channel located approximately 100 km south of Canberra. These samples were collected less than 1 km from the head of the catchment, which comprises quartz-bearing schists (Richards and Collins, 2002) . The sediments comprise clays and laminated sands, with one sample collected from a low energy swampy meadow unit and two from poorly sorted gravelly sands. Consequently, the PC samples may not have been completely bleached during deposition. These samples have been transported only a short distance from in situ weathered rock, and have therefore experienced a limited sedimentary history involving relatively few cycles of burial and reworking. Equivalent dose values of 65-155 Gy for these samples (Table 1) imply that these sediments have experienced at least one cycle of transport and burial. Five samples were collected from periglacial (four samples) and alluvial fan (one sample) sediments in a gully at BM in central Canberra. These sediments were also collected less than 1 km from the head of the catchment, which comprises quartzrich Silurian sandstone turbidites (Strusz, 1971) . These samples have therefore also experienced minimal cycles of burial and reworking, although their equivalent dose values (100-130 Gy; Table 1 ) indicate at least one cycle of exposure to sunlight. The periglacial sediments consist of scree-dominated small cobbles within a sandy clay matrix. The poorly sorted nature of this material, combined with deposition by colluvial processes, implies that these samples are the least likely to have been completely bleached prior to deposition of all samples studied. This hypothesis is supported by their observed dose distributions. The alluvial fan sample was collected from clastsupported sediments within an incised terrace. The nature of the sediments suggests debris flow as the dominant depositional process, and therefore the OSL signal may not have been completely bleached during deposition. In this respect the PC and BM sediments are comparable in terms of the nature of exposure to sunlight, number of cycles of transport and burial, and proximity to source rock.
In the second component of this study, the PC and BM samples are contrasted with sediments with comparatively longer sediment histories and different depositional contexts. Additional samples were collected from Pleistocene and Holocene sediments in two substantially larger catchments in southeastern Australia, Lake George (LG) and Lake Mungo (LM). Eight samples were collected from aeolian and water-lain (lacustrine and fluvial) sediments at LG, 50 km northeast of Canberra.
LG has a closed catchment of approximately 800 km 2 , with the lake occupying approximately 20% of the total area. The geology within the basin is a mixture of low grade metamorphosed slates and greywackes, quartz sandstone, shale, and granite (Coventry, 1976) . More than 46 m of sediment has accumulated in the lake, and multiple shorelines imply that the lake occupied a much larger proportion of the catchment in the past (Coventry, 1976; . Samples were collected from proximal aeolian sediments deposited immediately downwind from the 18 m (lake depth) shoreline to the north of the present lake, from shoreface sediments and low energy lake muds at the 18 m shoreline, and from high energy deep water lacustrine gravels at the southern end. The 18 m shoreline has been occupied multiple times in the past, and was most recently occupied during the late Holocene . Studies of the TL characteristics of lacustrine and alluvial fan quartz deposited within the lake basin suggest that luminescence signal sensitivity varied depending on whether fluvial or lacustrine processes dominated (Mortlock and Price, 1984) . The size of the lake basin and relative distance from unweathered source rock, coupled with younger ages for the sediments sampled (1-85 Gy; Table 1 ), suggest that the LG sediments have undergone comparatively more cycles of reworking than those from PC and BM. Finally, two aeolian samples were collected from the transverse lunette dune adjacent LM in semiarid southeastern central Australia, approximately 600 km west-northwest of Canberra. LM is a dry lake located within the very large (>1 000 000 km 2 ) Murray-Darling River catchment. The lunette sediments are ultimately derived from a variety of source rocks along the >1 000 km reach of the Lachlan River/Willandra Creek system, including the metamorphosed sediments and plutonic rocks of Ordovician and Silurian age which form the New England and Lachlan fold belts (Pell et al., 2001) . Given the scale of the catchment and the location of LM within it, these sediments can be assumed to have experienced the longest sedimentary history of the suite of samples studied here, involving repeated cycles of deposition and reworking from at least the Tertiary to the present (Pell et al., 2001) . Transport of these samples down the Lachlan River/Willandra Creek dominates the sedimentary history of these samples. However, the most recent depositional process is aeolian, and it is highly likely that the sediments were exposed to more than one aeolian event prior to the most recent deposition, since aeolian reworking is common in arid environments such as this (e.g. Fitzsimmons et al., 2009) .
It should be noted that since the LM and LG sediments are derived from a mixture of source rocks, the influence of geology (and quartz type) on sensitivity cannot be directly compared with the PC and BM samples. It is generally the nature of Australian sediments with long sediment histories to occur within very large catchments, which typically comprise multiple source lithologies.
SAMPLE PREPARATION AND OSL MEAS-UREMENT
Samples were collected in steel tubes from cleaned exposures, with the exception of the BM sediments which were collected as bulk samples at night under red light. All samples were processed under low-intensity yelloworange light. All samples were processed by dilute HCl digestion, wet sieving to extract the 180-212 μm grain size range, removal of heavy minerals using 2.68 g.cm -3 density sodium polytungstate solution, and etching in 48% HF acid at room temperature for 100 minutes. The resulting purified quartz was then washed, dried, and resieved. Individual quartz grains were loaded onto a minimum of six anodised stainless steel discs containing a 10×10 grid of 300 μm diameter holes for single grain measurement.
OSL measurements were undertaken using an automated Risø TL-DA-15 reader with a single grain laser attachment. Optical stimulation was provided by a 10 mW 532 nm solid-state green laser beam, preceded by preheating to either 260°C or 220°C (determined from preheat plateau tests run on multiple grain aliquots of the samples), and infrared stimulation (IRSL) to assist with identifying the presence of feldspars (Duller, 2003; Wintle and Murray, 2006) . Sample irradiation was undertaken using a calibrated 90 Sr/ 90 Y beta source (Botter-Jensen et al., 2000) . Luminescence signals were detected by EMI 9235QA photomultiplier tubes with 7.5 mm Hoya U-340 filters (Botter-Jensen, 1997). Measurements were undertaken using the SAR protocol of Murray and Wintle (2000; 2003) , incorporating a test dose of approximately 5 Gy following measurement of the post-IR stimulated natural and regenerated OSL signals for all samples. The sensitivity of individual grains was calculated from the OSL signal arising from the test dose immediately following measurement of the natural signal and quantified in counts/second/Gy. Test dose sensitivity following each of the six regenerative dose cycles was also calculated.
Single grain selection criteria
Single grain analyses arguably more reliably determine the age of a sample by identifying incomplete bleaching and post-depositional mixing of sediments, along with the rejection of grains unsuitable for dating (Duller, 2008) . For the purposes of this study, single grain measurements also enable more reliable characterisation of quartz OSL signal and sensitivity characteristics of different samples, than can be obtained from single aliquot measurements where the combined OSL of multiple grains may obscure true sensitivity data (e.g. Zheng et al., 2009) .
Stringent rejection criteria were applied to the measurement data similar to the protocol suggested by Jacobs et al. (2003) . Grains were accepted for analysis only if they were observed to emit sufficient OSL with rapid signal decay, produced an exponential dose-response curve, recycled within 20% of unity, and did not exhibit IRSL. OSL signals were integrated using channels 5-10, with counts from the final 10 measured channels taken as background for subtraction.
RESULTS

OSL signal
Representative natural luminescence decay curves for individual grains from four samples are shown in Fig. 1.  Fig. 1a compares fluvial samples from PC (K2038; ~75 Gy) and BM (K2034; ~100 Gy). Fig. 1b shows the OSL decay curves for two aeolian samples from LM (K2178; ~25 Gy) and LG (K1935; ~9 Gy). The decay of all samples is rapid, with in excess of 50% loss of signal per second, but does not correspond to a single exponential function. This behaviour is not unexpected (as discussed in Wintle and Murray, 2000) and indicates either that more than one electron trap is contributing to the luminescence signal, and/or that signal efficiency is not entirely constant during stimulation (Aitken, 1998; p.26) . Previous work on the Linearly Modulated OSL (LM-OSL) signals of samples from LG supports this interpretation, suggesting that although the fast component OSL signal dominates, other components (such as the S2 slow component of Singarayer and Bailey, 2003) may be contributing to the overall signal. The background signal for the PC sample K2038 is proportionally highest out of all of the samples and may also be attributable to additional components beyond the fast component. The likely existence of more than one signal component contributing to the total OSL signal has implications for the use of the total OSL signal in assessing natural sensitivity. It nevertheless should be noted that the fast component represents >99% of the total signal for the samples analysed by LM-OSL.
Signal intensity varies between regions and different depositional contexts, even when differences in D e are taken into account. This appears to relate to variations in sample sensitivity, discussed in the section on OSL sensitivity. Although it is important to note that sample intensity is dependent both on sample sensitivity and its age, irrespective of the differences in sample D e , it is evident that the aeolian samples from LM are at least an order of magnitude more sensitive than both of the (older) fluvial samples, as well as the aeolian sample from LG.
The degree of bleaching of the samples and the corresponding D e distributions are beyond the scope of this paper to discuss. However, it should be noted that the aeolian samples from both Lakes Mungo and George generally produce single D e populations. The samples from BM and PC are characterised by wide D e distributions, most likely attributable to incomplete bleaching and variations in microdosimetry (e.g. Lomax et al., 2007) . Lacustrine sediments from LG exhibit evidence of incomplete bleaching. Consequently the D e values given in Table 1 are approximate only (D e values for LG samples K1935, K1939 and K1944 are discussed in Fitzsimmons and Barrows, 2010). All samples appear to be suitable for dating using the SAR protocol, based on the single grains which passed selection criteria. Selected samples analysed for dose recovery using both sunlight and laboratory bleaching yielded results close to unity.
Sensitivity change
Change in sample sensitivity during the SAR protocol is monitored by administering a small test dose after each regenerative dose cycle . A test dose of approximately 5 Gy was administered to all samples. Fig. 2 shows the sensitivity change across regenerative cycles of the SAR protocol for five representative grains each from two fluvial (Fig. 2a) and two aeolian (Fig. 2b) samples from different regions. With the exception of one grain each from LG and BM (samples K1935 and K2034 respectively), the magnitude of sensitivity change for all samples remains within 50% of the first test dose response obtained after measurement of the natural signal (T n ). Overall, sensitivity change appears to be predominantly grain dependent, although the sensitivity of PC grains generally decreases from the natural, whereas BM quartz generally increases in sensitivity. The aeolian samples (derived from multiple rock sources) do
Fig. 1. a) Natural OSL decay of fluvial samples (PC: Pilot Creek; BM: Black Mountain). b) Natural OSL decay of aeolian samples (LM: Lake Mungo;
LG: Lake George). Note the differences in vertical scale (logarithmic scale used for b).
Fig. 2. a) Test dose sensitivity change across regenerative cycles of the SAR protocol normalised to the first test dose response (Tn) obtained after measurement of the natural signal, for five representative grains each from fluvial samples K2038 (PC) and K2034 (BM). b) Test dose sensitivity change across cycles of the SAR protocol normalised to the first test dose response (Tn) obtained after measurement of the natural signal, for five representative grains each from aeolian samples K2178 (LM) and K1935 (LG).
not appear to exhibit any consistent pattern with successive regenerative dose cycles. Since the fluvial samples are each derived from single lithologic sources, one might hypothesise that the contrasting trends of test dose sensitivity change occur as a function of quartz characteristics inherited from the source rock. However, a substantially larger sample size and further testing is recommended to test this hypothesis further.
OSL SENSITIVITY
Substantial variation in sensitivity between samples, and between grains from individual samples, can be observed. The measurement of samples from different source rocks (region) and depositional context, using large numbers of grains (>600), aims to provide a systematic approach for assessing OSL sensitivity characteristics and to eliminate bias towards outlying anomalous grains.
The sensitivity of grains within each sample was classified by relative brightness ( Table 1) . Grains were classified as "bright" and "very bright" when sensitivity exceeded 100 and 1000 cts/s/Gy respectively, and the proportion of such grains was calculated as a percentage of the total. Fig. 3a illustrates the proportion of highly sensitive grains in the fluvial samples from PC and BM. The proportion of bright grains within the PC samples varies between 27 and 44%. Of the one fluvial sample from BM is represented, 33% of its grains are classified as bright, which is comparable to the PC samples. However, with the exception of the LG samples, bright grains represent between 25-57% of the total for the BM, PC and LM quartz, which suggests that no substantial conclusions can be drawn regarding proportion of bright grains and source lithology. Fig. 3b shows the proportion of bright grains for different depositional contexts from the LG samples. These data, however, are highly variable within each classification, suggesting that the proportion of bright grains does not depend on the mode of deposition, although it is interesting to note that no bright or very bright grains are present in the shoreface-deposited sample. Samples from LM are proportionally brighter than aeolian quartz from LG (Fig. 3c) . This may reflect sensitisation through a greater number of cycles of reworking and burial. The highest proportion of very bright grains occurs within the BM and LM samples. Although the two sets of samples cannot be directly compared, the fact that the BM quartz contains some of the brightest grains observed in this study (Table 1) suggests that the proportion of bright grains is not entirely dependent on the length of time spent within the modern sedimentary system, and may also be inherited from the source rock.
The relationship between test dose sensitivity and source lithology for the fluvial samples from PC and BM is shown in Fig. 4a . There is substantial overlap between samples from the two sites, although several very bright grains are present in the BM sample compared with quartz from PC. Fig. 4b shows the same relationship, but with all of the data (not just fluvial) from BM. In this case the BM samples appear to be substantially more sensitive on average than those from PC, and contain a comparatively larger number of bright grains, particularly in the periglacial samples. The data from Fig. 4b suggest the possibility of a relationship between source lithology and sensitivity. Fig. 4b shows the relationship between test dose sensitivity and region for the aeolian sediments from LM and LG. Although it is difficult to compare sediments from LM and LG directly, sediments from LG nevertheless appear to be the least sensitive of the regions studied here. LM quartz is on average one order of magnitude brighter than the LG sediment. Fig. 4c illustrates the relationship between test dose sensitivity and region for different depositional contexts for the LG samples. It is clear from this figure that there is wide variability in sensitivities between sediments from different depositional regimes, and that very low intensity grains occur for all modes of deposition. It is less clear whether average sensitivity varies systematically depending on depositional context. On average, the LG aeolian samples are the most sensitive, however bright grains are nevertheless also present in the lake muds and gravels. Grains deposited at the shoreface are noticeably the least sensitive. This latter result, compared with the sensitivity distributions for the other lacustrine sediments, is unexpected since there ought not to be a substantial difference in environmental conditions potentially influencing sensitisation for these three depositional modes.
DISCUSSION
This paper arose from the relative dearth of literature systematically investigating the naturally occurring OSL characteristics of sediments as they relate to source geology, mode of deposition and sedimentary history. This study represents a preliminary assessment of OSL sensitivity characteristics based on single grain data. The results presented here suggest that OSL sensitisation of quartz results from a complex interplay of factors including source geology and mode of deposition, and the potential for sensitivity inheritance from previous sediment histories.
All samples yield sufficient proportions of acceptably luminescent grains to make single grain analysis viable, and appear to be suitable for OSL dating using the SAR protocol. The fundamental suitability of these Australian samples for dating holds, irrespective of variations in OSL sensitivity and signal intensity.
Influence of source geology on quartz sensitivity
The hypothesis that quartz sensitisation increases with increasing time within the sedimentary system underpins the assumption that Australian quartz is highly sensitive compared with sediments from other parts of the world. The Australian continent is dominated by landscapes which have experienced long sediment histories, and recent investigations into the natural OSL sensitivity of Australian quartz support this hypothesis Pietsch et al., 2008) . The observations made as part of this study, however, suggest that the relationship between sensitivity and length of time within the sedimentary system is not so straightforward. Firstly, sensitivity change does not appear to vary systematically with source geology or depositional context, although grains from single samples tend to exhibit similar patterns of sensitivity change relative to one another. Interestingly, sensitivity change across the SAR cycles is greater in the BM sample relative to the one from PC (Fig. 2a) . This latter observation may indicate the potential for inheritance of intrinsic sensitivity characteristics from the source rock, and therefore quartz type. Further work, involving more samples and more grains from each sample, is required to test this hypothesis.
Comparison of OSL sensitivity with respect to source region shows that the samples from PC are less sensitive on average compared with the BM sediments. The sensitivity of the latter is comparable with the LM samples, despite the fact that the BM periglacial and alluvial quartz has experienced a comparatively limited sedimentary history in recent (Quaternary) times, and taking caution with such a comparison. Since the BM quartz is derived from Silurian-age sandstone, it is likely that BM quartz sensitivity was inherited from the previous (preQuaternary) sedimentary history. By comparison, the PC samples are derived from metamorphosed schists. Therefore the BM quartz has effectively experienced two sets of sediment histories and potential sensitisation compared with that from PC. Furthermore, the BM Silurian sandstone is ultimately derived from a variety of sources compared with the more consistent formation of quartz within the PC source schists. While these differences in quartz history appear to have influenced quartz sensitisation, it is also possible that they influenced the amount of sensitivity change during SAR cycles as observed above.
Of the suite of samples from the regions derived from mixed source rocks but with longer sediment histories (LG and LM), the quartz from the LM lunette dune is substantially more sensitive. The intrinsic brightness of the LM sediments may be explained by these samples having undergone many more cycles of reworking and burial compared with the other sediments, and is consistent with a model of increasing sensitisation over extended periods of time within the sedimentary system.
It is worthwhile noting that the comparatively high sensitivity of single grains of quartz from BM relative to that from LG contradicts observations for the same samples measured using multiple grain aliquots in a previous study . This highlights the need to use single grain measurements for investigating OSL characteristics.
Relationship between depositional context and sensitisation
The use of single grain measurements enables the proportion of anomalously bright grains in samples from different contexts to be quantified. The proportions of bright and very bright grains do not exhibit distinctive or systematic variation with respect to source rock or depositional context (Fig. 3) . The one exception to this conclusion is the shoreface-deposited sample from LG, which contains no bright grains compared with its aeolian and lacustrine counterparts from the same basin (Fig. 3b) . There is no obvious mechanism for this behaviour. However it should be noted that since the LG samples are derived from a mixture of different source rocks, and it is possible that the source of the shoreface quartz differs from that for the other samples.
There appears not to be a clear relationship between depositional context and OSL sensitivity for the LG sediments. On average, the LG aeolian sediments are the brightest, however water-lain muds and gravels also contain bright and very bright grains (Fig. 4d) . This observation contradicts the hypothesis made by Li and Wintle (1992; 1991) that the duration and intensity of pre-burial bleaching influences the luminescence characteristics of a sample, based on the assumption that aeolian sediments experience generally longer exposure prior to deposition than water-lain material. The wavelength of illumination has also been proposed to affect sensitisation (McKeever, 1991) . This may play a role in the lower average sensitivity of water-lain sediments, yet does not account for the presence of occasional bright grains within these sediments. Grains deposited at the shoreface are noticeably the least sensitive. As discussed above, there is no clear explanation for this result, since there ought not to be a substantial difference in environmental conditions potentially influencing sensitisation for the shoreface, lacustrine muds and lake gravels. The most likely possibility is variation in the mixtures of source rocks for the different samples.
Limitations of study
The results of this study highlight the complexities involved in the sensitisation of natural quartz, and the limitations of an investigation based solely on single grain OSL signal characterisation. Specifically, OSL signal measurement comprises the signal arising from all L-centres present in the quartz. It is apparent from the non-exponential decay of the samples from this study, and LM-OSL characterisation undertaken on the same samples in previous work , that more than one component is contributing to the OSL signal. Combined with this is the possibility that the multiple OSL components exhibit variable sensitivity within a single quartz grain. These characteristics cannot be characterised using OSL alone. Therefore, future investigations ought to incorporate additional measurement techniques such as TL or spectrometry to more reliably elucidate the natural sensitisation of quartz.
Nevertheless, this study yields several results which warrant further testing. In particular, it was noted that sensitivity change between the grains of individual samples throughout the SAR cycle is broadly similar in the single-source samples (BM and PC), and may relate to inheritance of sensitivity characteristics from the source rock. Furthermore, it is unclear whether the proportion of anomalously bright grains relates to source rock or sedimentary history. More samples and more grains from each sample are required to investigate whether there is systematic variation with respect to proportion of bright grains.
CONCLUSIONS
Measurements of the OSL sensitivity of single grains of Australian quartz from a variety of regions and depositional contexts suggest that natural sensitisation of quartz is a complex process dependent predominantly on the inheritance of luminescence characteristics from the source rock. The mode of deposition may also play a role, although this is unclear from the results of this study. There appears not to be a clear relationship between OSL sensitivity and length of time spent within the modern sedimentary system. Of the single source sediments from PC and BM, the brightest samples were found to be from BM. Since the BM quartz is derived from weathered sandstone, it is hypothesised that if the modern quartz sand inherited sensitivity characteristics from the source rock, then these characteristics may also relate to the much earlier sedimentary processes forming the protolith. Of the aeolian samples derived from a mixture of source rocks, the LM dune sediments are substantially brighter than aeolian material from LG, which has experienced a relatively shorter modern sedimentary history but is derived from different lithologies. Caution should therefore be made with the interpretation of such observations. The mode of deposition appears not to systematically influence the sensitivity of samples from within the LG basin, suggesting that the nature of exposure to sunlight does not play as important a role as source lithology in sensitisation. However, further systematic research into the sensitisation of quartz within the natural environment is clearly warranted.
